When we are able to analyze molecules of visualized reacting cells directly in real time, studies of molecular mechanisms of living systems will become more direct and fast. However, the response of cells to stimuli is not the same, but slightly different from cell to cell. We should thus seek a very sensitive and exhaustive molecular detection method for a single cell with simultaneous video-microscopic observation. Bioimaging is very useful to visualize the distribution and dynamism of probed molecules or ions in a cell.
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Bioimaging is very useful to visualize the distribution and dynamism of probed molecules or ions in a cell. 2, 3 However, it is incapable of finding new molecules. On the other hand, mass spectrometry (MS) can detect the existence of both known and unknown molecules, and has been widely applied to current biological molecular analyses, such as imaging of various molecular distributions in tissues, 4 ,5 metabolomics, 6, 7 and proteomics. 8 Single-cell MALDI-TOF/MS analysis 9,10 is an approximate study, but the number of detected MS peaks were fewer than expected in a cell. 11 We have developed the method to detect hundreds to thousands of small molecular MS peaks from a living single cell in order to extract and identify the key molecules contained specifically in a cell. 12 An adherent cell line, mouse embryonic fibroblasts Swiss 3T3, was cultured in Dulbecco's modified Eagle minimal essential medium supplemented with 10% fetal calf serum (FCS), 100 mg/mL penicillin and 100 mg/mL streptomycin G in 5% CO2 at 37˚C. 13 Cultured cells were monitored by a CCD video camera mounted on an inverted microscope (OLYMPUS, IX-70). The cytoplasm contents of a target cell, viewed by a video microscope, was sucked into a gold-coated glass capillary nanoelectrospray tip (Humanix, nanospray tip, Japan) set on a micromanipulator (Narishige, MHW-103, Japan) using a connected syringe via tubing. For positive-mode detection, acetonitrile containing 0.5% formic acid was added as an ionization solvent to the sucked sample solution in the capillary nanospray tip.
Mass spectrometric detection was performed by a Q-TOF mass spectrometer (Applied Biosystems, QSTAR-XL) equipped with a nano-ESI ion source. The spray voltage was set to around 1000 V. Calibration was performed at every hour and at the beginning of each measurement using dopamine; A nano-electrospray ionization (ESI) tip was directly inserted into a single cell of Swiss 3T3 as shown in Fig. 1(a) to suck its cytoplasmic contents, and was then set to a nano-ESI attachment of a mass spectrometer for molecular ionization. Hundreds of MS peaks of small molecules out of less than a 1-pl sample were successfully detected ( Fig. 1(b) ). Comparatively, the MS spectra of cell incubating medium (Fig. 1(c) ) and the ionization solvent ( Fig. 1(d)) were measured in the same way, and all peaks were analyzed by a statistic t-test for differentiating or extracting cell-specific and medium or solvent-specific peaks. The t-test compares the intensities of a certain MS peak between two sets of data groups (This case involves peaks in a cell and those in the cell medium and/or the ionization solvent). The detections of peaks only in a cell and in the medium or solvent correspond to t-values of 100(%) and -100(%), respectively. The t-value is around zero (%), if the peak is found in both samples with the same intensity.
We have extracted 78 cell specific-peaks with t-values higher than 50(%) (n = 5 for each of three sample sets), 35 peaks were commonly found in any of these three sample groups with t-values from -25(%) to 25(%), and 108 peaks were observed specifically in the medium or in the ionization solvent (Fig. 2) .
Among the 78 cytoplasm-specific peaks, one peak at m/z 116.1 as shown in Fig. 2(a) was successfully identified by MS/MS analysis. This peak was found specifically at the moment of unique cell vibration after mitosis. The MS/MS analysis showed one simple fragment peak at m/z 70.1 (Fig. 3(a) ), which was identical to that of a proline standard sample (Fig. 3(b) ). Proline can activate transcription to regulate the conversion of proline to glutamate to be used as a source of nitrogen.
14 It is possible that up-regulated proline in mitotic Swiss 3T3 cells may affect active movements by binding to proline utilization genes.
After the observation of cell-specific behavior, it takes only hours or a day from cytoplasm solution trapping until identifying the molecule by this video-mass spectrometric method. Together with cells morphological evidence, this method can directly unveil the molecular mechanism and dynamics of living organism with much higher speed than at present. Fig. 1 were extracted cell-specific peaks (a) (validated by t-value >50(%), n = 5 each), non-specific peaks found in all samples (b) (validated by t-value from -25(%) to 25(%), n = 5 each) and medium or the solvent-specific peaks (c) (validated by t-value <-50(%), n = 5 each). The t-test was carried out to the MS spectra of cytoplasm versus those of medium and solvent. 
